
Data Management Architecture
• Computer Hardware & Software
• Database Table Structure
• Database Table Relationships
• Measured Parameters
• Database Features



Computer Hardware & Software
• Intel® Xeon™ 2.0 - 2.4GHz (Dual CPU Systems)
• 180GB RAID-5 Configured SCSI Hard Disk Drive Arrays
• Regular Tape Backups
• Primary Server – http://www.pmdata.org
• Mirrored Server – http://pm25ats.pmdata.org
• Development Server – http://pm25tamuk.pmdata.org
• Microsoft Visual Studio .NET
• Microsoft SQL Server 2000 Enterprise Edition
• Microsoft Internet Information Services

http://www.pmdata.org
http://pm25ats.pmdata.org
http://pm25tamuk.pmdata.org


Database Table Structure
• System Tables Group
• Security Tables Group
• Observation Tables Group
• Support Tables Group

System Tables Group

Support Tables Group

Security Tables Group

Observation Tables
Group



System Tables Group
• Contains Vital System Descriptive Data 

For Management Purposes
• Data Dictionary Capabilities
• Events And Logs
• Event/Data Tracking

System Tables Group

Support Tables Group

Security Tables Group

Observation Tables
Group

tblColumnDefinitions

PK column_ID

FK5 table_ID
column_Name

FK3 read_Level_ID
FK6 write_Level_ID
FK1 admin_Level_ID
FK2 browse_Level_ID
FK4 system_Stamp_ID

tblTableDefinitions

PK table_ID

FK3 pkColumn_ID
table_Name
table_Focus
table_Type

FK1 admin_Level_ID
FK2 browse_Level_ID
FK4 read_Level_ID
FK6 write_Level_ID
FK5 system_Stamp_ID

tblEvents

PK event_Type_ID

event_Description
FK1 system_Stamp_ID

tblLogs

PK log_ID

FK3 table_ID
FK4 user_ID

event_Date
FK1 event_Type_ID

event_Log_Entry
FK2 system_Stamp_ID

tblSystemStamps

PK system_Stamp_ID

system_Stamp
user_ID



tblUsers

PK user_ID

username
password
salt
email
web_address

FK6 vCard_ID
phone
fax
mobile
pager

FK1 admin_Level_ID
FK2 browse_Level_ID
FK4 read_Level_ID
FK7 write_Level_ID

user_First
user_Last
user_Middle

FK3 org_ID
FK5 system_Stamp_ID

• All User-Specific Data
• All Security Level Definitions
• All Security Level Assignments
• Data Submitter Assignments
• Announcements And News 

Subscriptions

Security Tables Group
System Tables Group

Support Tables Group

Security Tables Group

Observation Tables
Group

tblWriteLevels

PK write_Level_ID

write_Level
FK1 system_Stamp_ID

tblReadLevels

PK read_Level_ID

read_Level
FK1 system_Stamp_ID

tblBrowseLevels

PK browse_Level_ID

browse_Level
FK1 system_Stamp_ID

tblAdminLevels

PK admin_Level_ID

admin_Level
FK1 system_Stamp_ID



tblParameters

PK parameter_ID

parameter_Source
parameter_Description
max_Particle_Size

FK1 parameter_Specie_ID
FK3 parameter_Property_ID
FK2 parameter_Type_ID

data_Class_ID
FK4 system_Stamp_ID

tblObservations

PK observation_ID

observation_Date
start_Time
end_Time

FK6 time_Zone_ID
FK4 site_ID
FK1 filter_ID
FK2 method_ID

observation_Value
FK3 QC_Status_Code_ID
FK5 system_Stamp_ID

Observation Tables Group
• Tables Used To Classify Data 

Readings And Reduce Redundant 
Data Storage

• Related Tables Store Descriptive 
Data That, When Combined, 
Shows Complete Description Of 
Where, When And How Data Was 
Collected

System Tables Group

Support Tables Group

Security Tables Group

Observation Tables
Group

tblMethods

PK method_ID

FK2 instrument_ID
FK1 instrument_Location_ID
FK3 parameter_ID
FK5 sample_Freqency_ID
FK4 sample_Duration_ID
FK7 unit_ID
FK6 system_Stamp_ID



tblCounties

PK county_ID

county_Abbreviation
county_Name

FK1 state_ID
FK2 system_Stamp_ID

tblCities

PK city_ID

city_Code
city_Name

FK1 county_ID
FK2 system_Stamp_ID

Support Tables Group
• Supplemental Data
• Virtual, or “V” Cards (Address Cards)
• Cities, States, Counties And Countries
• Time Zone (and Conversion) Data
• Unit Conversion Data

System Tables Group

Support Tables Group

Security Tables Group

Observation Tables
Group

tblVCards

PK vCard_ID

addr1
addr2

FK1 city_ID
zip_code

FK2 system_Stamp_ID

tblUnits

PK unit_ID

unit_Abbreviation
unit_Description
conversion_Factor

FK2 conversion_Unit_ID
FK1 system_Stamp_ID

tblTimeZones

PK time_Zone_ID

time_Zone
gmt_Offset

FK1 system_Stamp_ID



Database Table Relationships
• Tables are joined using Foreign-Key and 

Primary-Key relationships
• Primary-Keys uniquely identify database 

table records
• Foreign-Keys point to records within 

another database table
• Numeric reference keys decreases table 

and row sizes and improves query 
response times



Database Table Relationships (Example)

tblMethods

PK method_ID

FK2 instrument_ID
FK1 instrument_Location_ID
FK3 parameter_ID
FK5 sample_Freqency_ID
FK4 sample_Duration_ID
FK7 unit_ID
FK6 system_Stamp_ID

tblUnits

PK unit_ID

unit_Abbreviation
unit_Description
conversion_Factor

FK2 conversion_Unit_ID
FK1 system_Stamp_ID

67119233…3…45

67118983…2…44

67118923…2…43

system_Stamp_IDunit_ID…parameter_ID…instrument_IDmethod_ID

…Grams per Cubic Metergm/m37

…Centimetercm5

…Inchesin4

…Feetft3

…Metersm2

…unit_Descriptionunit_Abbreviationunit_ID



Measured Parameters
• Gases: CO, SO2, Nitrogen Oxides, Ammonia, Ozone, 

VOC’s and Hydrogen Peroxide.
• PM Sampling: PM10, PM2.5 , PM2.5-10 and TSP
• PM Chemistry : Mass, Ions, Metals, Elements, 

Nitrate,Sulfate, Organic Carbon/Elemental Carbon 
(OC/EC), Semi-volatile organics and Organic speciation

• Meteorological Parameters: Relative Humidity, Wind 
Speed, Wind Direction, Temperature, Precipitation and 
Pressure



Database Features
• Relational Database Design Conserves Space 

and Improves Query Response Time
• Eliminates Redundancy and Ensures Data 

Integrity by Reducing Multiple Copies of 
Duplicate Data

• Server Hardware and Software With Terabyte-
Scale Data Capacity

• Servers Located in Pittsburgh, PA; Athens, OH 
and Kingsville, TX For Data and Application 
Redundancy and Availability.



Population of Database

• Initial Population Sample
• Input File Format Requirements
• User Authentication & Authorization Module
• Automated Population Module



Initial Population Sample
• Data Was Submitted Widely-varying Formats 

(MS Excel, MS Access, Comma Separated Value (CSV), Tab 
Separated Value (TSV), etc.)

• Initial Data Submission Samples Were Required 
To Develop Input File Format Requirements

• Initial Data Submission Samples Also Used To 
Develop Database Population Algorithms



Input File Format Requirements
• NARSTO Format
• Standardized Comma Separated Value (CSV) 

File Format
• XML-Style Format
• Standards Documents Are Available Online
• Project Team Members Are Available To Assist 

Submitting Organizations Format Their Datasets



User Authentication & Authorization Module
• User logs in with user name and 

password

• Password is compared to 
encrypted version stored in 
database table

• If password match, authorization 
level is verified against requested 
resources

• If password does not match, 
access to requested resources is 
denied

username
Password DB

Username

Password Entry
Match?

Access Granted

Access Denied

Yes

No



Database

Windows Service
Scans Uploads

Directory for Changes

Have new files been
uploaded?

Y
es

No

Request Virus Scan

Is Virus Present?Yes

N
o

Antivirus Rules Take
Precedence

Scan Input File Header
for Required Fields

Are Required
Fields Present?Yes NoIntegrate Data

Archive Files for
Future Use

Automated Population Module
• Windows Service application scans 

upload directory for changes or other 
activity

• If new files are detected, virus scan is 
requested

• If virus is detected, antivirus software 
rules prevail

• If no virus exists, file header is verified 
against required parameters list

• If file format is verified, data is merged 
into database

• File is archived for future use




